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utilized to produce a complex experimental device capable of making a contribution 
to solar physics on a low budget (about $100,000) . 


II. THE GOLDHELOX TELESCOPE 

It is convenient, for the purpose of discussion, to separate our telescope 
into three main elements: 1) the optical system which collects, filters, amplifies, 
images, and records light from the sun, 2) the mechanical structure which supports 
and protects the optical and electronic elements of the system as well as providing 
the telescope with several motional freedoms, and 3) the electrical system which 
monitors and controls all functions of the instrument through the use of two 
partially redundant computers. This section describes each of these elements. 


The Optical System 

The Goldhelox telescope is a two mirror optical system consisting of a concave 
parabolic primary mirror and a convex hyperbolic secondary mirror in a Cassegrain 
configuration. Solar x-rays are first collected by the primary mirror, then 
reflected towards the secondary mirror which in turn sends them through the one inch 
hole in the center of the primary mirror to the detector assembly. The focal plane 
is 2.25" behind the primary mirror. 

X-ray reflecting mirrors are more complicated than the common visible-light 
mirrors. When dealing with visible, infrared, or even near-ultraviolet light, it is 
common to find that a mirror reflects as much as 90% of the incident light 
intensity. In the X-ray wavelengths, however, most incident light is absorbed or 
transmitted by a mirror rather than reflected. To improve the x-ray reflection 
efficiency, we use a mirror material with an internal layer structure radiation can 
be reflected off the multiple surfaces in the material and then recombined The 
layer thickness is spaced such that x-rays reflecting off of the individual 
surfaces combine constructively, resulting in a stronger reflection at certain 
angles. It is the thickness of the layers in the mirror material that determines 
these angles. These X-ray mirrors are generally one of two types: 1) grazing- 
incidence or 2) multilayer coated. 

Grazing-incidence telescopes use the natural layer structure of crystalline 
materials to obtain multiple reflections. The lattice spacing in most crystals is, 
unfortunately, such that constructive reflection occurs only for incident light that 
is nearly parallel to the mirror surface. Hence the name grazing-incidence 
telescopes. Because effective reflection occurs only at grazing angles, these 
telescopes typically have to be long and bulky to effectively focus light into any 
sort of image. 

Because of the size constraints on our telescope, we have instead elected to 
use multilayer mirrors, a more recent development in x-ray optics. They are made by 
alternately applying thin coatings of two different materials onto a smooth 
substrate. Our mirrors use 100 layers, each consisting of 50 A of Silicon above 50 
A of Molybdenum Because the layers are man made, the layer thicknesses can be 
chosen to produce good reflections at almost any angle desired, even normal 
incidence. Thus multilayer mirrors have made it possible to manipulate x-rays in 
almost the same way that visible light is manipulated. 

Our multilayer mirrors are made to have 40% reflectivity at near normal 
incidence for soft x-rays in our bandpass (17lA to 18lA) . They act as partial 
filters because light outside this range is not effectively reflected through the 
teXescope. To properly filter out all the radiation outside our bandwidth, we have 
also added two additional radiation filters (1000 A thick sheets of aluminum) . 

In spite of the fact that multilayer mirrors significantly improve 
reflectivity, intensity losses in the telescope remain a problem. The total 
efficiency of the optical system is only about 2%, furthermore only a very small 
fraction of the energy emitted from the sun falls in the wavelength range in 
question^. This makes it difficult for an optical instrument as small as ours must 
be (3" in diameter) to gather enough light for an adequate film exposure. 
Therefore, to amplify the image, we use a microchannel plate (MCP) image 
intensification device. The maximum factor by which the MCP can boost the incident 
image intensity is about 5000 times (the actual image intensification factor will 
vary according to a pre-programmed sequence which will be executed by the 
telescope's computer) . When the MCP is bombarded by x-rays, the x-rays stimulate 
cascades of electrons that are accelerated toward a phosphor screen which emits in a 
visible wavelength. A visible light image is then conveyed from the phosphor to the 
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35 mm film via a glass cylinder composed of parallel interfused fiber optic cables, 
each cable having an internal diameter of 10 microns. 

The Mechanical Syatem 

The telescope itself (composed of the optical elements just described and the 
mounts that hold them in alignment) is mounted between two vertical support walls 7 
inches apart. The walls extend up from a rotating plate (see figure 1). This plate 
rotates upon the barrel -shaped sealed container containing the telescope control 
computers and other electrical components. The sealed container is airtight to 
maintain a normal gaseous atmosphere inside. The telescope also rotates about a 
pivot axis extending between it's support walls. The pivot is located near both the 
center of the GAS canister and the center of the telescope. 

The telescope has two motional freedoms: first, rotation in the azimuthal 
plane (the plane of the rotating table) , and second, rotation in the plane of 
declination ( the plane normal to the upper pivot axis.). The rotating table moves 
atop a 10 inch diameter turntable gear (see figure 2) . The teeth around the outer 
edge of the turntable gear are matched to a smaller gear on the shaft of a stepper 
motor. This stepper motor which drives the azimuthal telescope motion is mounted on 
top of the rotating table, with it T s shaft reaching down through the table. 

Rotation in the plane of declination is also driven by a stepper motor, but in 
this case a worm gear assembly is used. The motor and worm are attached to one of 
the support walls, and the worm gear itself is attached to the telescope body. The 
telescope body can assume any declination between vertical and 43° off vertical and 
can rotate through the entire 360° in the azimuthal plane. 

Within the telescope itself, the mirrors and mirror mounts are attached to 
the telescope housing. The MCP flange, which is mounted inside of the camera, and 
acts as an image window. The camera is attached to the telescope housing, and the 
housing is fastened to the telescope pivot. The telescope has an alignment 
tolerance between 1/10,000 and 1/1,000 inches. Because this tolerance is difficult 
to meet with ordinary materials, we have chosen to use a composite with very low 
coefficients of thermal expansion for the walls of the housing and other parts of 
the mirror mounts. This composite is light, strong, resistant to vibration, and 
space environment compatible. 

The Electrical System 

The electrical system centers around two partially redundant computers. The 
first computer receives input from the tracking system and controls the positioning 
of the telescope. It also warms up the MCP prior to use and performs picture taking 
operations. The second computer is the ultimate instrument controller. It puts the 
instrument into a low power hibernation mode when the sun in not in view and 
controls the distribution of power to every other element of the electrical system. 
It monitors and controls the temperature of the environmentally sensitive elements 
of the system, and takes over control of the photographic functions of the MCP in 
the event that the first computer fails. 

Four power supplies are required to operate the entire instrument . One power 
supply provides the various DC voltages between 5 and 20 Volts needed by the many 
electrical system circuit elements. Another high current supply drives the three 
stepper motors used for telescope positioning and film advancing. The last two, 
called switching power supplies, provide the 1000 Volt lead and the 5000 Volt lead 
required to operate the MCP. Picture taking is actually done by switching the MCP 
on and off using exposure times which will vary according to a pre-programmed 
sequence between .1 and .01 seconds. 

Another important feature of the electrical system is the tracking circuitry. 
The sun-tracking system provides continuous information to the telescope control 
computer regarding the location or absence of the sun in the telescope's field of 
view. There are three tracking sensors. The first we call the "daylight" sensor, 
which we place near the top of the telescope allowing it to indicate to the control 
computers whether or not the sun is in the instrument field of view. If the sun is 
discovered to be in the field of view, the telescope is rotated through the 
azimuthal plane until the second or "coarse" sensor indicates that the sun is within 
8° of the plane of declination of the telescope. When the coarse sensor tests 
positive, the controllers check the third or "fine" sensor. The fine sensor has a 
2Y2 array of photodiodes . When a light source illuminates the array, this fine 
sensor circuitry determines the amount of light incident on each photodiode and 
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telescope Is within 1/10 of a degree of being aimed directly at the sun. 
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SUMMARY 


. G0L D HEL0X Project is an unusual effort in that it is both managed and 

staffed by undergraduate students. The project, if successful, will prove that a 
f eal ' contribution to space research is possible in a university setting, and on a 
low budget. The current trend in space exploration is towards 100% reliability, 
requiring researchers to purchase only the highest quality components, and at great 
cost. If the GOLDHELOX telescope satisfies the hop^s and wishes of it's maker?, it 
j* ot °niy help us gain a greater understanding of the sun, but will set a 
precedence for others who are interested in space research, but believe it to be out 
of their financial reach. 
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